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Dysregulated luminal bacterial antigen-specific T-cell responses
and antigen-presenting cell function in HLA-B27 transgenic rats
with chronic colitis
Introduction
Transgenic (TG) rats expressing high levels of human
HLA-B27 and b2-microglobulin (hb2m) spontaneously
develop chronic immune-mediated colitis resembling,
both clinically and histologically, human inflammatory
bowel disease.1,2 These disease manifestations require
commensal gut microflora. Rats raised in a germ-free
(sterile) environment show no evidence of inflammation.3
However, these animals develop colitis within 1 month of
being transferred to specific pathogen-free (SPF) housing
conditions.4,5 Bacteroides vulgatus has been shown to pref-
erentially stimulate colitis in gnotobiotic HLA-B27 TG
rats.4,5
Host genetic susceptibility is important to the develop-
ment of chronic intestinal inflammation. In the HLA-B27
TG rat model, lines that express lower levels of HLA-B27
and hb2m and non-transgenic (non-TG) rats colonized in
the same SPF conditions as disease-prone TG rats remain
healthy.1,6 However, inflammation can be passively trans-
ferred to these disease-resistant rats by transplantation of
bone marrow from the disease-prone lines.7 In contrast,
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Summary
HLA-B27/b2 microglobulin transgenic (TG) rats spontaneously develop
T-cell-mediated colitis when colonized with normal commensal bacteria,
but remain disease-free under germ-free conditions. We investigated regu-
lation of in vitro T-cell responses to enteric bacterial components. Bacter-
ial lysates prepared from the caecal contents of specific pathogen-free
(SPF) rats stimulated interferon-c (IFN-c) production by TG but not
non-TG mesenteric lymph node (MLN) cells. In contrast, essentially
equivalent amounts of interleukin-10 (IL-10) were produced by TG and
non-TG cells. However, when cells from MLNs of non-TG rats were
cocultured with TG MLN cells, no suppression of IFN-c production was
noted. Both non-TG and TG antigen-presenting cells (APC) pulsed with
caecal bacterial lysate were able to induce IFN-c production by TG CD4+
cells, although non-TG APC were more efficient than TG APC. Interest-
ingly, the addition of exogenous IL-10 inhibited non-TG APC but not TG
APC stimulation of IFN-c production by cocultured TG CD4+ lympho-
cytes. Conversely, in the presence of exogenous IFN-c, production of
IL-10 was significantly lower in the supernatants of TG compared to non-
TG APC cultures. We conclude that commensal luminal bacterial compo-
nents induce exaggerated in vitro IFN-c responses in HLA-B27 TG T cells,
which may in turn inhibit the production of regulatory molecules, such as
IL-10. Alterations in the production of IFN-c, and in responses to this
cytokine, as well as possible resistance of TG cells to suppressive regula-
tion could together contribute to the development of chronic colitis in
TG rats.
Keywords: antigen-presenting cells; CD4+ T lymphocytes; enteric bacterial
antigens; HLA-B27 transgenic rats
Abbreviations: STAT3, signal transducer and activator of transcription 3.
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non-TG bone marrow engraftment results in prompt dis-
ease amelioration in lethally irradiated TG recipients that
have advanced colitis.7
As observed with many animal models of chronic intes-
tinal inflammation, colitis in HLA-B27 TG rats seems
to be mediated by Th1-dominated immune responses as
evidenced by the production of interferon-c (IFN-c) and
tumour necrosis factor (TNF).8 The loss of tolerance to
normally occurring non-pathogenic intestinal bacteria in
genetically susceptible hosts can be the result of one or a
combination of the following mechanisms: (1) an overly
aggressive effector cell response, (2) inadequate regulatory
cell development or function, or (3) impaired responses
to regulatory signals. It has been shown that colitis in
HLA-B27 TG rats is dependent on bone marrow-derived
HLA-B27-expressing non-T lymphocytes, probably macro-
phages or dendritic cells. Elegant transfer experiments by
Breban and colleagues have demonstrated that the pres-
ence of donor-derived B27bright CD4dim cells with mono-
cyte–macrophage morphology and expression of CD11b
and CD11c correlates with the development and progres-
sion of colitis in the non-TG recipients.7 However,
T lymphocytes are also essential for disease expression.
Colitis does not develop in congenitally athymic nude TG
rats, but can be initiated by T-cell reconstitution.9 In this
regard, CD4+ T cells are reported to be more efficient
than CD8+ cells in transferring disease.
While the precise mechanism by which the HLA-B27
molecule mediates disease development has not yet been
identified, HLA-B27 molecules can form homodimers in
addition to conventional b2m-associated heterodimers
that bind and present peptide antigens.10,11 Moreover, a
recent report shows that HLA-B27 homodimers are cap-
able of binding to a class of cell membrane molecules
called paired immunoglobulin-like receptors (PIRs) that
are expressed by subpopulations of macrophages, dend-
ritic cells and B cells but not T cells.12 These intriguing
observations may explain the susceptibility of HLA-B27
TG rats to development of chronic inflammation. For
example, B27 homodimer binding to PIRs induces both
TNF and nitric oxide production, which could in turn
establish a cytokine environment that would favour IFN-c
production by activated T cells. In addition, the role
of commensal bacterial components may be to induce
increased expression of PIRs by cell types that would pro-
vide high levels of proinflammatory molecules after B27
homodimer-mediated activation.13
Nevertheless, the relative roles of accessory cells and
T lymphocytes in the inflammatory response and the
possibility that T cells in inflamed hosts have altered
responses to proinflammatory and regulatory signals
remain to be clarified. In this study, we compared the
lymphoid cell populations from mesenteric lymph nodes
(MLNs), large intestinal epithelium and large intestinal
lamina propria in HLA-B27 TG rats with severe colitis
with their non-TG littermates, and investigated antigen-
presenting cell (APC) and T-cell function by evaluating
in vitro cytokine responses to physiological enteric bac-
terial stimuli. The differential response to proinflamma-
tory and suppressive regulation in non-TG and TG
cells was also analysed. Our results suggest that the
maintenance of colitis in TG rats is the result, at least




TG rats of the 33-3 line on an inbred F344 background
bearing 55 copies of the HLA-B27 gene and 66 copies
of the hb2m gene, originally obtained from Dr Joel D.
Taurog (Southwestern Medical School, Dallas, TX), and
non-TG littermates were kept in a SPF environment. Off-
spring were generated by mating TG females with non-
TG males and were genotyped for the HLA-B27 transgene
by polymerase chain reaction (PCR) analysis of DNA
from tail clippings. The expression of HLA-B27 on TG
cells was confirmed by flow cytometry.
SPF TG rats with established colitis and non-TG litter-
mates of mixed sexes, aged 4–6 months were used
throughout. The investigation was approved by Institu-
tional Animal Care and Use Committees, the University
of North Carolina at Chapel Hill, and North Carolina
State University.
Preparation of caecal bacterial lysate
Caecal bacterial lysate was prepared directly from the cae-
cal contents of SPF non-TG rats according to a protocol
described by Cong et al.14 Briefly, caecal contents from
several non-TG rats were solubilized, digested with
DNAse, and then homogenized using 01-mm glass beads
in a mini-bead beater (Biospec Products, Bartlesville,
OK). The supernatant collected was filter-sterilized
through a 045-lm filter after centrifugation and the ster-
ility was confirmed by aerobic and anaerobic culturing.
The protein concentration was determined using a stand-
ard assay (Biorad Laboratories, Hercules, CA). Optimal
concentrations of lysates for cell activation varied between
50 and 200 lg/ml in different batches and therefore, in
some experiments, the results obtained using the optimal
concentration only are shown.
Preparation of single cell suspensions and enriched
lymphoid cell subpopulations
Mesenteric lymph node cells. MLN cell suspensions were
prepared by gentle teasing of MLNs obtained from HLA-
B27 TG and non-TG rats.
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MLN APC were prepared by rabbit complement-medi-
ated lysis of T cells bound by immunoglobulin M (IgM)
anti-rat CD3 monoclonal antibody (Clone 1F4, PharMin-
gen, San Jose, CA). The resulting population contained
less than 4% CD4+ or CD8+ cells for the non-TG rats
and 8% for the TG rats. Neither the CD4+ cells nor the
CD8+ cells that remained expressed surface CD3, prob-
ably because of the molecule internalization.
For the CD4+ T-lymphocyte purification the MLN
CD4+ T lymphocytes were enriched by depletion of
B cells and CD8+ cells using magnetic beads conjugated
with either anti-CD45RA (Clone OX-33) or anti-CD8a
(Clone G38) monoclonal antibodies in a magnetic anti-
body cell sorting system (MACS) (Miltenyi, Auburn, CA).
The purity (mean ± SE) of the enriched CD4+ T-lympho-
cyte population, from a total of 28 TG and 19 non-TG
T-cell enrichment experiments, as confirmed by flow
cytometry, was 96 ± 02% and 96 ± 03% for TG and
non-TG MLN cells, respectively.
Intestinal lymphocytes. Large intestinal lymphocytes from
both epithelial (IEL) and lamina propria (LPL) compart-
ments of HLA-B27 TG and non-TG rats were isolated
according to a modification of published procedures.15 In
brief, the intestines were opened longitudinally, washed,
and cut into small pieces. The intestinal epithelial layer
was selectively detached from the mucosa by treatment
with 1 mm dithiothreitol in a shaker water-bath at room
temperature for 20 min, followed by vortexing for 4 min.
The supernatant, which contained IEL and epithelial cells,
was collected.
The residual tissues were then incubated twice in a sha-
ker water-bath at 37 for 40 min with a mixture of col-
lagenase type II and IV (290 U/ml) (Sigma Chemical,
St Louis, MO), and then disrupted mechanically. A stain-
less steel grid (60 mesh) was used to remove large partic-
ulate material. Single cells passing through the grid were
harvested.
IEL and LPL fractions were further purified by Percoll
(Amersham Pharmacia Biotech Inc, Uppsala, Sweden)
density gradient centrifugation. Lymphocytes enriched in
the interface between 70 and 40% Percoll were recovered.
Viability of the isolated MLN and intestinal cells was
 95% as determined by Trypan blue exclusion.
Flow cytometry
Freshly isolated unseparated MLN cells, MLN APC, MLN
CD4+ enriched cells as well as large intestinal IEL and
LPL (2 · 105 to 5 · 105/50 ll) were analysed on a flow
cytometer (FACScan, Becton Dickinson, San Jose, CA)
using cellquestTM.
The following fluorochrome-labelled or unlabelled
reagents were used. For identification of HLA-B27-expres-
sing cells, we used cell culture supernatant from the
murine hybridoma, designated ME-1 (American Type
Culture Collection, Rockville, MD), followed by fluor-
escein isothiocyanate (FITC)-labelled goat anti-mouse
IgG(c) antibody (Southern Biotechnology, Birmingham,
AL). T cells were detected by FITC-conjugated anti-Pan
T-cell monoclonal antibody (Clone OX-52, PharMingen).
In additional experiments, phycoerythrin (PE)-conjugated
anti-CD3 monoclonal antibody (Clone G418, PharMin-
gen) was also used for the detection of cells expressing
CD3. B cells were detected by PE-conjugated anti-
CD45RA monoclonal antibody (Clone OX-33, PharMin-
gen). Surface immunoglobulin-expressing B cells were
identified by FITC-labelled goat anti-rat IgG (H + L)
antibody (Kirkegaard & Perry Laboratories, Gaithersburg,
MD). CD4+ and CD8+ cells were identified using PE-con-
jugated anti-CD4 (Clone W3/25) and FITC-labelled anti-
CD8 (Clone OX-8) monoclonal antibodies (Caltag, Bur-
lingame, CA), respectively. To compare CD25 expression
on CD4+ cells of MLN, large intestinal IEL, and large
intestinal LPL from non-TG and TG rats, monoclonal
antibody against CD25 (Clone OX-39, PharMingen) was
used.
Cells incubated with FITC- or PE-conjugated isotype
standard from the same species and at the same concen-
trations served as negative controls.
Unseparated cell cultures
Unseparated MLN cells (4 · 105) in triplicate and large
intestinal lymphocytes (1 · 105) in duplicates were
cultured in 96-well flat-bottom microplates (Costar,
Corning, NY) in 02 ml complete medium (RPMI-1640
supplemented with 5% heat inactivated fetal calf serum,
2 mm l-glutamine, 1 mm sodium pyruvate, 50 lm
2-mecaptoethanol, and 50 lg/ml gentamicin) and stimu-
lated with different concentrations of caecal bacterial
lysate for 6–72 hr.
In selected experiments, unfractionated non-TG and
TG MLN cells were cultured in different ratios with a
total number of 4 · 105 per well and stimulated with cae-
cal bacterial lysate for 3 days.
Cocultures of APC and CD4+ T lymphocytes
MLN APC were pulsed with caecal bacterial lysate or
with keyhole limpet haemocyanin (KLH: Pierce, Rock-
ford, IL), an unrelated antigen, in complete culture
medium overnight with or without the addition of
exogenous recombinant rat IFN-c (BD Biosciences
PharMingen) or interleukin (IL)-10 (R & D Systems,
Minneapolis, MN).
The cells were then washed twice to remove soluble
bacterial antigens and other components. They were
cultured either alone at 3 · 105 cells per well in a final
volume of 02 ml in flat-bottom 96-well plates, or with
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additional exogenous IFN-c or IL-10, or with 2 · 105
freshly isolated MLN CD4+ T cells in a humidified incu-
bator at 37 in 7% CO2. In selected experiments,
2 · 105 CD4+-enriched non-TG and TG MLN cells were
mixed in different ratios and then cocultured with anti-
gen-pulsed APC. The APC concentration was determined
by culturing different numbers of non-TG APC (1 · 105
to 5 · 105/well) with a constant number of TG CD4+
cells (2 · 105/well). The results indicated that non-TG
APC at 3 · 105 cells per well or more induced optimal
IFN-c responses. Triplicate supernatants were harvested
after 3 or 6 days. Supernatants collected on day 6 con-
tained similar amounts of IFN-c and IL-10 to superna-
tants collected on day 3. Therefore, analyses of IFN-c
and IL-10 detected on day 3 after culture initiation are
shown.
Enzyme-linked immunosorbent assay (ELISA)
IFN-c and IL-10 in cell culture supernatants were
measured in triplicate by ELISA using unlabelled cap-
ture antibodies and biotin-labelled detection antibodies,
followed by horseradish peroxidase-labelled streptavidin
(PharMingen).
For IFN-c, we used unlabelled rabbit polyclonal anti-
IFN-c antibody and biotin-labelled monoclonal anti-
IFN-c antibody (Clone DB-1) (Biosource International,
Camarillo, CA). For IL-10 we used unlabelled monoclonal
anti-rat IL-10 antibody (Clone A5-7) and biotin-labelled
monoclonal anti-rat IL-10 antibody (Clone A5-6) (Phar-
Mingen). The concentration was determined by compar-
ison to a standard curve generated using recombinant rat
IFN-c or IL-10 (PharMingen).
Western blot analysis
Freshly isolated unseparated MLN cells or APC were cul-
tured either alone in complete medium or with recom-
binant rat IL-10 (10 ng/ml) or caecal bacterial lysate
(50 lg/ml) for 30 min or 2 hr in six-well plates (Costar),
collected and lysed in 1· Laemmli buffer. In selected
experiments, the cells were cultured in medium alone or
stimulated with caecal bacterial lysate for 24 hr before the
treatment with exogenous IL-10. The protein concentra-
tion was measured using a Bio-Rad quantification assay
(Bio-Rad Laboratories, Hercules, CA). Fifteen micrograms
of protein extracts were subjected to electrophoresis
on 13% sodium dodecyl sulphate–polyacrylamide gels
and transferred to nitrocellulose membranes. Polyclonal
antibodies against phospho-signal transducer and activa-
tor of transcription 3 (STAT3) or STAT3 (Santa Cruz
Biotechnology, Santa Cruz, CA) were used at a 1 : 1000
dilution. The specific immunoreactive proteins were
detected using the enhanced chemiluminescence kit (ECL,
Perkin Elmer).
Statistical analysis
Results from flow cytometric analyses and ELISA are
expressed as mean ± SEM. The probability of zero differ-
ence between groups was judged by two-tailed Student
t-test. A P-value less than 005 was considered to be sta-
tistically significant.
Results
Evaluation of mucosal lymphoid cell populations
and cytokine response to luminal commensal
bacterial antigen stimulation in TG versus non-TG
rats
SPF TG rats uniformly develop severe colitis that is evi-
dent at 4–6 months of age. In contrast, none of the non-
TG rats, which were housed either in the same cages as,
or in adjacent cages to, their TG littermates, showed signs
of inflammation. The caecum and colon of TG rats were
markedly enlarged and thickened and contained more
lymphoid cells and higher numbers of CD4+ cells (Fig. 1a)
in the epithelium and lamina propria compared to non-
TG rats. The MLNs were also grossly increased in size with
a significantly higher number of cells.8 MLN, IEL and LPL
of TG rats all contained elevated proportions of T cells,
CD4+ T cells and CD25+ CD4+ T cells compared with
non-TG rats (Fig. 1a,b). Unfractionated TG MLN cells,
IEL and LPL all produce IFN-c after in vitro stimulation
with caecal bacterial lysate (Fig. 1c). The IFN-c response
was measured over a lysate concentration range between 0
and 200 lg/ml and was dose-dependent in TG cells. In
contrast, IFN-c responses in non-TG cells to caecal bacter-
ial lysate were not higher than to medium alone. Consis-
tent with our previous observations8, MLN cells from TG
and non-TG rats produced comparable amounts of IL-10
in response to caecal bacterial lysate. Only low levels of
IL-10 were detected in IEL and LPL (data not shown).
CD4+ MLN T lymphocytes from TG rats but
not from non-TG rats produce high levels of
IFN-c in response to luminal bacterial lysate-pulsed
APC
Since MLN cells, IEL and LPL are similar in having eleva-
ted proportions of CD4+ T cells and each cell population
responded to stimulation with bacterial components,
MLN cells were used as representative cells of the
mucosa-associated immune system for our subsequent
study of the mechanisms of the immune-mediated disease
in HLA-B27 TG rats.
We investigated the relative roles of APC and T
lymphocytes in the inflammatory responses in TG rats.
Caecal bacterial lysate-pulsed APC from both non-TG
and TG MLN induced significantly increased IFN-c
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production by TG CD4+ lymphocytes in a dose-depend-
ent fashion (Figs 2 and 3). Surprisingly, caecal bacterial
lysate-pulsed TG APC were less effective than non-TG
APC in activating TG CD4+ T cells in vitro and induced
lower amounts of IFN-c (Fig. 2). IFN-c was barely detect-
able in cultures of TG CD4+ cells stimulated with KLH-
pulsed APC or cultured in the absence of APC. Super-
natants of non-TG CD4+ T cells stimulated with caecal
lysate-pulsed APC and supernatants of caecal bacterial
lysate-pulsed APC cultured without CD4+ T cells also
contained very low amounts of IFN-c. Therefore, the
IFN-c response observed depends on in vitro activation of
APC by bacterial components and/or presentation of
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Figure 1. Comparison of cell subpopulations and interferon-c (IFN-c)
production by mesenteric lymph node (MLN), colonic intraepithelial
(IEL) and lamina propria (LPL) cells from specific pathogen free HLA-
B27 transgenic (TG) and non-TG rats. The percentage (a) of CD25
expressing cells in the CD4+ T-cell population is presented as
mean ± SEM from four independent experiments. Statistically signifi-
cant differences between TG and non-TG rats are denoted by asterisks
(**P < 001). The mean ± SEM of the total numbers of CD4+ cells is
indicated. Dot plots (b) show CD25 expression on CD4+ T cells of a
representative experiment. The percentage of CD25 expressing CD4+
cells is given. IFN-c levels (c) in supernatants of MLN, IEL and LPL
cell cultures from HLA-B27 TG and non-TG rats are shown. Cells were
stimulated with various concentrations of caecal bacterial lysate
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Figure 2. Interferon-c (IFN-c) production by mesenteric lymph
node CD4+ T lymphocytes from specific pathogen-free HLA-B27
transgenic (TG) rats cultured with antigen-presenting cells (APC)
that were pulsed with either caecal bacterial lysate (100 lg/ml) or an
unrelated antigen, KLH. Co-culture supernatants were harvested on
day 3. ELISA values (pg/ml) represent mean ± SEM and are repre-
sentative of 15 independent experiments. Statistically significant dif-
ferences between caecal bacterial lysate-pulsed TG and non-TG APC
in inducing IFN-c production by TG CD4+ cells are denoted by
























Figure 3. Interferon-c (IFN-c) production by mesenteric lymph
node CD4+ T lymphocytes from specific pathogen free HLA-B27
transgenic (TG) or non-TG rats cocultured with non-TG antigen-
presenting cells (APC) pulsed with different concentrations of caecal
bacterial lysate or an unrelated antigen, KLH (100 lg/ml). Super-
natants were harvested on day 3. IFN-c amounts (pg/ml) represent
mean ± SEM and are representative of 19 independent experiments.
Statistically significant differences between KLH and caecal bacterial
lysate-pulsed APC in inducing IFN-c production are denoted by
asterisks (*P < 0001).
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(Fig. 3). These results indicate that prior in vivo activation
of CD4+ MLN cells is required for the detection of IFN-c
response in vitro.
Luminal bacterial lysate-stimulated non-TG MLN
cells are unable to regulate IFN-c production by
cocultured TG cells
To determine if non-TG MLN contain regulatory cells
capable of suppressing IFN-c production, we mixed non-
TG and TG MLN cells in different ratios and analysed the
influence of cocultured non-TG cells on IFN-c produc-
tion. As shown in Fig. 4, unfractionated non-TG MLN
cells cocultured with TG MLN cells did not have the abil-
ity to inhibit IFN-c production by TG cells. Similarly,
when non-TG CD4+ cells were added to cocultures of
caecal bacterial lysate-pulsed non-TG APC together with
TG CD4+ cells, the IFN-c response was not reduced
(Fig. 5). These results indicate that either regulatory
CD4+ MLN cells were not present in non-TG rats or that
TG CD4+ cells were unresponsive to regulatory signals
from non-TG MLN cells.
Addition of exogenous IL-10 to caecal bacterial
lysate-pulsed non-TG but not TG APC significantly
suppresses IFN-c production by TG CD4+ T cells
The exaggerated IFN-c response in TG rats could be the
result of decreased responsiveness of TG cells to suppres-
sive molecules such as IL-10. To address this issue, we
first evaluated IFN-c production in supernatants of
unseparated TG MLN cells stimulated with caecal bacter-
ial lysate in the presence or absence of exogenous recom-
binant rat IL-10 using concentrations that approximated
the levels seen after in vitro stimulation of MLN cells with
caecal bacterial lysate.8 No effect on IFN-c production
was observed (data not shown). In further studies addres-
sing the response to IL-10, APC from TG or non-TG rats
were pulsed with caecal bacterial lysate in the presence or
absence of exogenous IL-10 at various concentrations and
then, after being washed, the APC were cocultured with
TG CD4+ T lymphocytes with or without the addition of
IL-10. The IFN-c levels in the cocultures that contained
either non-TG APC or TG APC were compared.
We found that TG APC were defective in their
response to exogenous IL-10. Administration of IL-10 to
non-TG APC during the pulsing or to the APC/CD4+
lymphocyte cocultures reduced the IFN-c production by
TG CD4+ cells (Fig. 6). Non-TG APC responded to all
three doses of IL-10 that we added either during the pul-
sing or during the 3-day coculture; there was no additive
effect of exogenous IL-10 provided during the pulsing
and during the coculture. In contrast, no reproducible
inhibition of IFN-c was noted in cocultures containing
TG APC (data not shown). Since IL-10 functions primar-
ily through the STAT3 pathway, we investigated STAT3
phosphorylation in non-TG and TG cells stimulated with
IL-10 or caecal bacterial lysate.16 As shown in Fig. 7, low
levels of phosphorylated STAT3 were detected in TG but
not non-TG cells, collected after a 30-minute culture in
medium without additional stimulation. Both exogenous
IL-10, at 30 min after culture initiation, and caecal bac-
terial lysate, after 2 hr, activated STAT3 in APC (Fig. 7)
and unseparated MLN cells (data not shown) from both
TG and non-TG rats. Non-TG and TG cells expressed
100% non-TG
75% non-TG + 25% TG
50% non-TG + 50% TG
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Figure 4. Interferon-c (IFN-c) levels in specific pathogen free HLA-
B27 transgenic (TG) and non-TG mesenteric lymph node cell cocul-
tures. Unseparated cells from non-TG and TG rats were mixed in
different ratios and stimulated with various concentrations of caecal
bacterial lysate. Supernatants were harvested on day 3. IFN-c
amounts (pg/ml) represent mean ± SEM. Cells cultured alone in
medium served as a control.
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Figure 5. Interferon-c (IFN-c) levels in specific pathogen-free HLA-
B27 transgenic (TG) and non-TG CD4+ T-cell cocultures in response
to caecal bacterial lysate-pulsed non-TG antigen-presenting cells
(APC). CD4+-enriched mesenteric lymph node cells from non-TG
and TG rats were mixed in different ratios and stimulated with non-
TG APC pulsed with various concentrations of caecal bacterial lysate.
Supernatants were harvested on day 3. ELISA values (pg/ml) repre-
sent mean ± SEM. Controls included CD4+ cells cultured with an
unrelated antigen KLH-pulsed APC or cultured alone in medium.
Since the two controls showed similar results, the medium control is
not shown.
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equivalent amounts of phosphorylated STAT3 after the
induction by IL-10 (at 30 min and at 2 hr) or by caecal
bacterial lysate (at 2 hr). Pretreatment with caecal bacter-
ial lysate or culturing the cells without stimulation for
24 hr did not result in detectable differences in STAT3
phosphorylation between TG and non-TG MLN cells
(data not shown). These results indicate that STAT3 acti-
vation does not appear to be compromised in TG cells
and that non-TG and TG cells recognize IL-10.
IFN-c-mediated inhibition of IL-10 production is
more pronounced in caecal bacterial lysate-pulsed TG
compared to non-TG APC
To explore how non-TG and TG IL-10 producing cells
respond to proinflammatory signals, recombinant rat
IFN-c at concentrations equivalent to those detected in
unseparated TG MLN cell cultures or APC/TG CD4+
lymphocyte cocultures was added to non-TG and TG
APC during the overnight pulsing with caecal bacterial
lysate.8 The pulsed cells were then washed as usual to
remove non-engulfed caecal bacterial lysate and additional
exogenous IFN-c was added for the duration of the 3-day
cultures. Recombinant rat IFN-c added to both non-TG
and TG APC consistently inhibited IL-10 production.
However, the effect was much more pronounced on TG
than non-TG cells at all concentrations of IFN-c-tested
(Fig. 8). Inhibition was maximal when exogenous IFN-c
was present during the pulsing with caecal bacterial lysate
as well as during the 3-day culture. As the amount of
recombinant rat IFN-c added was increased, the secretion
of IL-10 by APC from both TG and non-TG rats
decreased (Fig. 8).
Discussion
In many animal models of chronic intestinal inflamma-
tion, including IL-2–/–, IL-10–/–, TGF-b–/– and A20–/–
mice, as well as in patients with inflammatory bowel




























































Figure 7. Phosphorylation of STAT3 in specific pathogen-free
HLA-B27 transgenic (TG) and non-TG mesenteric lymph node anti-
gen-presenting cells. Cells were cultured in medium alone or with
recombinant rat IL-10 (10 ng/ml) or with caecal bacterial lysate at
50 lg/ml for 30 min or 2 hr. Western blot analysis was performed
for phospho-STAT3 and STAT3. The results are representative of
two independent experiments.



























































Figure 8. Effect of exogenous interferon-c (IFN-c) on interleukin-10
(IL-10) production by caecal bacterial lysate-pulsed mesenteric
lymph node antigen-presenting cells (APC). Specific pathogen-free
transgenic (TG) and non-TG APC were pulsed overnight with
100 lg/ml of caecal bacterial lysate with or without recombinant rat
IFN-c (40 or 4 ng/ml). The cells were washed and then additional
rat IFN-c (40 or 4 ng/ml) was added for the duration of the 3-day
culture. Supernatants were assayed by ELISA and IL-10 values repre-
sent mean ± SEM of pg/ml. Results shown are representative of two
independent experiments. It should be noted that exogenous IFN-c
added to either non-TG or TG APC inhibited IL-10 production
(compared to IL-10 in supernatants of cells stimulated with lysate
only). Statistically significant differences between IL-10 produced by
identically treated TG and non-TG cells are denoted by asterisks























































































Figure 6. Effect of exogenous interleukin-10 (IL-10) on interferon-c
(IFN-c) production by transgenic (TG) CD4+ T cells induced by
activated non-TG antigen-presenting cells (APC). Specific pathogen-
free non-TG APC were pulsed overnight with 50 lg/ml of caecal
bacterial lysate in the presence or absence of recombinant rat IL-10
(10, 1 or 01 ng/ml). The APC were washed and then additional
IL-10 (10, 1 or 01 ng/ml) or medium alone was added for the dur-
ation of the 3-day coculture of APC with TG CD4+ T lymphocytes.
Supernatants were assayed by ELISA and IFN-c-values represent
mean ± SEM of pg/ml. Results shown are representative of two inde-
pendent experiments. Statistically significant differences between the
APC treated with or without the exogenous IL-10 during the pulsing
(P < 001) or the 3-day coculture (*P < 005, **P < 001) in indu-
cing IFN-c production by TG CD4+ cells are denoted.
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commensal microflora, reflected by either excessive
responses to mucosal antigens or adjuvants or defective
regulatory activity, seems to play a major role in the dis-
ease development.17,18 Colitis in most of these models is
mediated by Th1 immune responses. This concept is fur-
ther supported by the results of our present study using
HLA-B27 TG rats, in which we show that CD4+ T cells of
TG rats produce high amounts of IFN-c when cocultured
with APC pulsed with caecal bacterial lysate. We com-
pared the cell populations and cytokine production of
MLN cells, colonic IEL and LPL in response to physiolog-
ically relevant lysates of luminal contents in SPF HLA-B27
TG rats with established colitis with those in normal non-
TG rats. We show that HLA-B27 TG MLN, colonic IEL
and LPL all have significantly increased amounts of total
T cells, CD4+ T cells and CD25+ CD4+ T cells compared
to non-TG littermates. Caecal bacterial lysate stimulates
IFN-c production, in a similar dose-responsive pattern,
by MLN cells, IEL and LPL from TG but not from non-
TG rats. We therefore conclude that in vitro production
of the proinflammatory cytokine IFN-c by mucosal lym-
phoid cells stimulated with caecal bacterial lysates corres-
ponds to in vivo disease expression and that draining
MLN cells are representative of the mucosa-associated
immune system for our study of the mechanisms of the
immune-mediated colitis in HLA-B27 TG rats.
APC process and present antigens to T lymphocytes,
and secrete regulatory cytokines important for determin-
ing immune activation or immune tolerance. CD4+
T lymphocytes can activate macrophages to increase phago-
cytosis and killing and also to produce cytokines that are
essential for the generation of antibody-producing plasma
cells and differentiation of cytolytic T cells. An important
aspect of our study was to determine the relative roles of
APC and CD4+ T lymphocytes in the inflammatory
response in TG rats. We found that both TG and non-TG
APC activated by caecal bacterial lysate can induce IFN-c
production by TG CD4+ T lymphocytes. Comparatively,
non-TG APC have more potent stimulatory effects. The
reasons for the apparent impaired ability of TG APC
in vitro are unclear, but we have found in separate studies
that the expression of the costimulatory molecules CD86
and major histocompatibility complex (MHC) class II are
not efficiently up-regulated on TG APC as compared to
non-TG APC after stimulation with caecal bacterial lysate
(unpublished data included in a separate manuscript).
Hacquard-Bouder et al. have recently identified a defect
in the ability of dendritic cells from HLA-B27 TG rats to
form conjugates with T cells, supporting an earlier report
of defective allogeneic stimulation by dendritic cells
expressing HLA-B27.19,20
Of potential relevance to immunoregulation, the IFN-c
response in TG rats could be the result of (1) a failure to
generate regulatory cells or molecules, (2) decreased
responsiveness of TG cells to suppressive molecules such
as IL-10, or (3) exaggerated inhibition of IL-10 produc-
tion by IFN-c. In the present study, we observed that the
proportion of CD4+ CD25+ cells, a proposed subset of
regulatory cells, was actually increased instead of reduced
in TG rats with colonic inflammation and that the pro-
duction of IL-10 was not significantly different between
lysate-stimulated TG and non-TG MLN cells when equiv-
alent numbers of IL-10-producing cells are evaluated.8,21
CD25, the a-chain of the IL-2 receptor, is an activation
marker that is increased in colitis. Furthermore, when we
cocultured non-TG and TG MLN cells in different ratios,
non-TG cells did not appear to regulate IFN-c production
by TG cells. This suggests that regulatory T cells are either
not present in non-TG MLN cell preparations or that
activated CD4+ T cells from TG rats do not appropriately
respond to regulatory signals.
A compromised response to regulatory signals in TG
rat APC was suggested by the addition of recombinant
IL-10. IFN-c production by TG CD4+ MLN cells cocul-
tured with caecal bacterial lysate-pulsed non-TG APC
could be diminished but not eliminated by the addition
of exogenous IL-10 in vitro during either the APC pulsing
or coculture phases. In contrast, TG APC appeared to be
less responsive to the inhibitory signals provided by
IL-10. This defective response was not the result of a lack
of recognition of IL-10 or proximal signalling responses,
because STAT3 phosphorylation was similar in TG and
non-TG APC stimulated with recombinant IL-10. The
low steady-state level of phospho-STAT 3 before in vitro
IL-10 stimulation in TG APC was most likely secondary
to active colitis in TG rats, perhaps because of increased
IL-6.4 These results strongly suggest that the endogenous
production of IL-10 in non-TG rats and its suppressive
role are important for the homeostasis of the mucosal
immune system and that a possible defect in the cellular
response to inhibitory signals may contribute to the
development of colitis in TG rats.
Conversely, IL-10 production by TG APC was substan-
tially reduced by administration of exogenous IFN-c dur-
ing the pulsing and/or the 3-day culture, while much less
inhibition was found in non-TG APC. The comparatively
steady production of IL-10 in non-TG rats, even in the
presence of a proinflammatory cytokine, may provide an
important mechanism to restore tolerance to commensal
bacteria and prevent damaging inflammatory responses
after a transient stimulus.
IL-10 is a primary immunoregulatory cytokine, pro-
duced by a variety of different cell types and has a critical
role in maintaining the balance between immune activa-
tion and immune tolerance.16 We have reported that
B cells are the major source of IL-10 in in vitro cultures
of rat MLN cells stimulated with caecal bacterial lysate.8
The development of colitis in IL-10-deficient mice dem-
onstrates that IL-10 is essential in the control of gut
inflammation.22 The importance of IL-10 was also
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highlighted by the findings that deleting CRF2-4, a
member of the class II cytokine receptor family serving as
a subunit of IL-10 receptor, or the selective disruption of
STAT3, a protein associated with IL-10 signalling, in
macrophages and neutrophils, leads to colitis in mice
with a Th1-biased cytokine profile.23,24
The role of IL-10 in preventing experimental colitis is
well documented. Administration of murine recombinant
IL-10, although having no influence on disease expres-
sion, efficiently inhibited IFN-c mRNA expression in
HLA-B27 TG rats with established colitis.25 In separate
experiments, chronic enterocolitis and arthritis induced
by bacterial cell wall polymers in Lewis rats were preven-
ted by recombinant IL-10, although this treatment did
not reverse active disease.26 In adoptive transfer models,
the prevention of Th1-mediated colitis after cotransfer of
IL-10-producing regulatory T cells was shown.27,28 How-
ever, this protection was not seen after cotransferring
the same type of cells from IL-10-deficient mice and
could be abrogated by the treatment with anti-IL-10
receptor antibody.27
A potentially fruitful avenue for future studies designed
to evaluate the regulation of the immune response in
HLA-B27 TG rats would be to investigate the role of the
recently identified HLA-B27 homodimer in immuno-
regulation. Homodimers of HLA-B27 bind paired
immunoglobulin-like receptor molecules (PIRs).12 Two
functionally different forms of cell membrane PIRs have
been identified. Ligation of PIR-A delivers an activating
signal while binding of PIR-B is inhibitory.29 It has been
reported that in MHC class I-deficient mice, PIR-B phos-
phorylation is greatly reduced.30 We and others have
found that HLA-B27 TG rats have a lower expression of
rat MHC class I as compared to non-TG littermates.1
Therefore, it is possible that the potential for inhibition
via PIR-B is reduced in TG rats. An understanding of the
relationship between the function of these signalling mol-
ecules and development of chronic intestinal inflamma-
tion in the HLA-B27 TG rat model of colitis could shed
new light on the mechanism of disease pathogenesis.
In summary, caecal bacterial lysate, a complex of phy-
siologically relevant bacterial antigens and adjuvants, can
incite an exaggerated in vitro IFN-c response in APC-
activated TG CD4+ T lymphocytes, which may in turn
suppress the production of regulatory molecules, such as
IL-10. Alterations in the production of IFN-c, and in
responses to this cytokine, as well as possible lack of
recognition of regulatory signals by TG cells could be piv-
otal in the development of chronic colitis in HLA-B27
TG rats.
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